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RILEM TC 129-MHJ Test methods for mechanical properties of concrete at high 
temperatures 

Recommendations 
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Part 4: Tensile strength for service and accident 
conditions 

1. SCOPE 

This recommendation is valid for structural applica- 
tions of concrete under service and accident ConditionF. 

This document presents test pavatneten (material and 
environmental) and test yvocedr/rcs for measuring the 
direct tensile strength of concrete cylinders in the longi- 
tudinal direction, either at high temperatures after first 
heating or after cooling. Test temperatures range from 
20 to 750°C or above depending on the capability of the 
test equipment, see I k f .  1. 

2. SERVICE AND ACCIDENT CONDITIONS 

2.1 Service conditions 

Service coridihrzs normally involvc long-term exposure 
to temperatures in the range 20 to 200°C and moisture 
states between the two boundary conditions: 
B o u iida r y Con d i ti o 11 ‘ ‘ d ’ ’ : D r y i ng (u 11 sea 1 e d) c o iic re t e 
Boundary Condition “nd”: Moisture saturated (sealcd) 

co 11 c re t e 
I n  general, boundary condition “d” applies to drying 

structures in air with a maximum thickncss < 400 nim, or 
structures with no point which is firther than 300 iimi 

away from a surfiicc exposed to air. 
Boundary condition “nd” is defined for the follow- 

ing wet structures: 
Sealed structures indcpendcii t of their dimciisions. 
Zones of structures with a distance 

the surface exposed to air. 
structures under water. 

300 mni from 

2.2 Accident conditions 

A ccidcr I t COI d i t  io 1 zs normally involve short - t e r iii expo - 
sure to temperatures in the range 20 to 750°C or above 
and transient moisture states, i. e. the coiicrete is allowed 
to dry during heating and cooling. In this case the mois- 
ture boundary condition is the same as the condition 
“d” mentioned above, see Ref. 2 Part 3. 

3. DEFINITION 

3.1 General 

Teiieilc strength 15 defined here as the strength of 
concrete under direct axial tension. The tensile ctrcligth 
i c  determined either in the hot ctate or a t  amblent tcni- 
pcrature after heating and cooling. 

Concequcntly the tencde strength of coiicretc i s  

referred to ac: 
tensile w q t h  a t  high tenipcr<iturc T or 
recidu~l tciicile strength after cool~ng fi-om T to a~nb l -  

en t tclllpcraturc. 

3.2 List of symbols and notations 

A = cross-scctional area within the reference part of the 

I> = thermal diffusivity 
f: = tciisilc strength at  iiiaximuni test teniperaturc T 

coiicretc test spcciincn in m i d  prior to heating 

(we section 6), 
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f :,<., = residual tcnsilc strength after cooliiig from 
iiiaxiiiiuni test tciiperaturc T (see scctioii 6 )  

inax F = iiiaximuin force applied to the spccimcn dur- 
ing the tcnsilc tect in N 

r radius of spccinicii in the cylindrical part in iiiiii 
I< = constant heating rate 
res = subscript for residual 
t = subscript for tensile 
T = test temperature for the coiicrctc specimen 

3.3 Tensile strength 

The tcnsilc strength of concrete at teinpcraturc and 
after cooliiig is determined by tlic followiiig equations: 

fT= max F / A (MPa) (1) 

fTrcs = niax F,,, / A (MI’a) (4 

4. MATERIAL 

4.1 Material type 

This recoininendation applies to all types of concrete 
used in construction including high performance coii- 
Crete. 

4.2 Mix proportion 

The mix proportion shall be determined according to 
the concrete design in practice with the followiiig pro- 
viso: the maximum aggregate size should not be less than 
8 mm. 

Note :  To allow comparisons to be made on the same 
basis, it is recommended that the aggregate content b y  
volume, aggregate s ize  and suyface texture be comparable. 

5. SPECIMEN 

5.1 Introduction 

The specimens referred to in this recommendation 
may be laboratory cast, field cast or taken as cores from 
site and should conform to the recoinmendations given 
below. 

5.2 Specimen shape and size 

The concrete speciiiieiis shall contain a cylindricd 
part that has a leiigth/dianictcr ratio o f2  & 0.5, KC Fig. 1. 

The diameter of the cylindrical part shall be in tlie 
range 4 to 6 times the iiiaxiinuni aggregate sizc for core 
samples and 5 to 7.5 times for cast specimens. 

Note:  For a given s i ze  of m a x i m u m  aaregate, Iaycr 
diameter specimens tend to give lower measured teiisile 
strength due to s ize  cfects. 
The rcconiiiicndcd diameter5 of the cylindrical part 

I temperature 
10 measuring devices 

‘\ ,-’- 

Section A-A 

r/2 

0 

B - 

Section B-B 

Fig. 1 - Examples of specimen shape with positions of the 
temperature measuring devices. 

are 150 nini, 100 nini, 80 mm and 60 nini to be taken ac 
standard. O the r  diameters, when used, should be 
described as “lion-standard”. 

The ends of the cylindrical part shall be extended in 
such a manner to allow the application of loads in tlie 
longitudinal direction. 

Fig. 1 shows two schematic examples of possible 
specimen shapes. The first one is a clamped specimen 
and the second one is a specimen which is glued directly 
on the end plates of the testing machine. 

Note:  The option o f  includirzg a notch in the middle o f  
the cylindrical part to initiate a crack is a ((non standard” 
condition because it has been shown that the presence o f a  
notch does not contribute s@z$cantly to the values of the 
tensile strength of unheated specirneris. Hoiuevev, if the 
absence ofa notch causes problems arid the crack develops 
outside the cylindrical part, then it m a y  be desirable to 
include a notch. 

5.3 Moulds, casting, curing and storage 

5.3.1 Moulds 
Moulds shall have a cylindrical part as specified in 

section 5.2 and should meet the general reconimenda- 
tioiis of IXILEM. 

The llloulds should preferably be constructed fro111 
sufficiently stiff shells made 0 f e . g .  steel or polymer. The 
assembled moulds should be watertight SO as to prevclit 
leakage of cement paste or water during casting. If poly- 
mer moulds arc used the polymer should not be water 
absorbent . 
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5.3.2 Casting 
Casting should be performed i l l  2 or 3 stcpc. The 

compaction of the concrete in tlie mould should be done 
preferably ucing a vibrating table. 

5.3.3 Curing 
All specimens shall be cured during the first seven 

days after casting at  a temperature of 20 f 2°C as follows: 
in  their moulds - d r i r i q  thejirst 24 k 4 hoirrs nffcr c,riti/y, 
under conditions without any moisture cxchangc - 

d i i r i i~~q  the r imt  6 d a p .  
This can be achieved by several means. Thc recoin- 

mended method is  to keep the specimens in their 
moulds adding a tight cap on the top. Other possibilities 
iiiclu de storage : 

in a room with a vapour saturated environment (rela- 
tive humidity 98?4); 

in an air tight plastic bag containing sufficient water to 
maintain 100%) RH; 

wrapped in self-adhesive aluminium sheaths; 
under water (preferably water saturated with Ca(OH),). 

5.3.4 Storage 
Further storage conditions up to the beginning of 

testing shall be chosen to simulate the moisture condi- 
tions of the concrete in practice. The following storage 
conditions are proposed. 

Moisture condition “d” (drying concrete): storage in air a t  
20 f 2°C and RH of 50 f 5%. 

Moisture condition “nd” (non-drying concrete): storage 
within air tight bags or moulds or wrapped in water dif- 
fusion tight and non-corrosive foils at 20 & 2°C. 

In each case, the moisture loss of specimens over the 
storage period should be determined by weighing. For 
the case of non-drying concrete, the weight loss should 
not exceed 0.5% of the initial weight of the specimen 
determined before storage in a surface dry condition, e.2. 
by dabbing the specimen in water absorbent paper until 
no traces of humidity appears on the paper. 

5.4 Specimen preparation 

The dimensions and weight of the specimen shall be 
measured before testing. 

Specimens representing non-drying concrete shall be 
sealed immediately after storage within 4 hours by poly- 
mer resin, metal or polymer foils depending upon the 
maximum test temperature. 

The  connection of the specimen to tlie testing 
machine can be done by glueing or clamping. 

In the case of glueing the specimen to the end plate 
of the testing machine, the end surfaces shall be plane, 
parallel one to another, and normal to the axis of the 
specimen. The planeness required is l%o. The angle 
between the end faces and the axis of the specimen shall 
not differ from 90” by more than 1”. 

In the case of clamping, the specimen should have 
conical ends beyond the cylindrical parts. The clamping 

should be done in such a way that the strcsc concentra- 
tioiis in the conical parts are reduced ac much as possible. 

Note: The c l a m p i y  shoirld be dorre by coiinectincq tlic 
s p c i m n  and clainps 6y cast i iy  or  by irsir1,q a soft iritcr- 
layer 6 c t i i ~ c w  thc co/iica/ part t7nd the clamp (e.g. Al.). 
An ii lcrtmc ~ I I  -friction in thc iiiterltijw ai id a rcldiirs 
6 e t i i w i  tho conical aiid thc cylindrical part (!f‘ the spcci- 
mcii ~i iay bc cldvaiita‘piis with respr‘if to strcss conccn- 
t ra f io/ I .  

5.5 Age at testing 

The specimens should be at least 90 d‘iyc old before 
tcs t i ng. 

5.6 Standard compressive strength and refer- 
ence tensile strength 

The standard cube or cylinder compressive strength a t  
ambient temperature shall be determined at 28 days, and at 
the time of testing, according to national requirements. 

I n  addition, the tensile strength of the test 5peciniens 
at ambient temperature should be detcrniined at 28 days 
and at the time of testing using samples of the same type 
and of the same batch. The latter shall be used as the ref- 
erence tensile strength of the specimens. 

Note: 112 case where the agqregate size has been altered 
conzpared to the size i n  practice, theri n corztrd test a t  
ambient temperatures should also be conducted iisin!: the 
actual a g r q a t e  size as in  practice. 

6. TEST METHOD AND PARAMETERS 

6.1 Introduction 

The following test parameters are recommended as 
“standard” to allow a consistent generation and compar- 
ison of test results. However, other test parameters may 
be substituted when information is required for specific 
applications. The “non-standard” test conditions should 
be carefully detailed in the test report. 

6.2 Measurements 

6.2.1 Temperature measurement 
Thermocouples or other types of temperature mea- 

suring devices may be used. I n  special cases it  may be 
necessary to protect thc surface thcrniocouples against 
radiation. 

Surface temperature measurements shall be made 
during heating and, when required, during cooling a t  
tlirec points on the surface of the specimen (as shown in 
Fig. 1) by a temperature measuring device . 

The  precision of the temperature measurements 
should be a t  least 0.5”C or 1 %  of the nieasurcd values, 
whichever is the greater. 
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----- 

Maximum diameter of 
the cylindrical part (mm) 

150 

100 

80 

60 
-___ 

___-__ ~- ~ ~ - 

Tlic iiicaii su r fkc  tcnipcraturc is the simple avcragc 
tciiipcratui-c of the three iiicasiirciiicnts takcii oii the 
curE~cc of the spccinicii. 

~ ~ _ _ _ - ~  

Rate Tem pera tu re recording 
(OC/min) interval (min) 

0.25 16 
______ 

0.50 8 

1.00 4 

2.00 2 __-- -~ ---___- __ 

6.2.2 Load Measurement 

sioii o f+  1 (H). 
Tlic load applied should be nicnsui-cd with a yreci- 

6.3 Test procedure 

The specimen shnll not hc rcniovcd h i i  the storage 
ciiiiroiiiiicnt iiiorc tlinii  ti\.() hours ( h r  unscalcd spcci- 
mens) a i i d  four houi - s  (for scaled spccinicns) before the 
coiiiiiiciicciiicn t of testing. 

The spcciiiicii shall be placed in tlic testing iiiacliine 
and cciitrcd with an  accuracy of 1 (H) of the spcciiiic~i’s 
dianictcr. 

The specimen shall be subjected to heating using a 
constant heating rate, see Table 1 ,  to the required test 
tciiipc ra t u I-c . Aft c r reach in g t h c tc s t tc i i i  pe ra t ti re as in di- 
catcd by the nican surface tcnipcraturc, the tciiipcraturc 
should be maintained for :I period of 60 5 5 niiiiutcs. If 
the hold time deviates 6-oni this period of 60 rfI 5 i i i in-  

Lites, this should be rcfcrred to as a “non-standard” test 
coli di t ion. 

Thereafter, tlic specimen shall be loaded at a loading 
rate of 0.05 MPajs until fdilure. 

During loading, the rotation of the ends of the speci- 
nicn shall not be restrained by tlie testing machine. 

For the determination of residual tensile strength, it 
is allowed to hcat and cool the specimen in a specific 
heating device and then to place i t  in tlie testing 
niachiiie. 

The specimens iiiteiided for residual tensile strength 
testing shall be cooled within tlic heating device in such 
a way that the cooling rate never exceeds the values 
given in Table 1 in order to avoid significant cracking 
due to thermal stresses, 01- significant moisture pick up. 

The residual tensile strength shall be nieasured after 
cooling to 20 (+ 10, - 0)”C. 

Tlic iiieasured tensile strength of the specimen is 
valid if the failure occurs at least one niaximum aggre- 
gate size apart from the upper and lower ends of the 
cylindrical part. 

6.4 Test par am et e r s 

6.4. I Loading condition 
If a defined displnccnicnt rate is applied instead of the 

load rate it  should be detailed i i i  the report as a “non- 
s t :I i i  d a 1-d ’ ’ t c s t c o i i  d i ti  o 1 I. 

6.4.2 Heating and cooling conditions 
For iiornial wcigli t co~icrctc, tlic rcconiniciidcd hcat- 

iiig and i~iaxiniuni  cooling rates as cvcll as the tciiipci-a- 
turc rccoi-ding iiitcrids for service and accident coiidi- 
tions arc givcii in  Table 1 .  For all types of conci-ctc, the 
radial tcnipernturc differences i i i  the cyliiidrical part of 
the specimen should not escecd 10°C during heating 01- 

c 00 1 i i i  g . 
Note: A I I  ~ ~ ~ ~ I , o . ~ ~ I I I ( ~ ~ ~ ( ) I I  (if‘ this rdid t o r i p w r / r r  di f ’  
filiTIIcf h i / r ~ q  il l m i / i : <  01. ( I  C - O O / ~ I ~ \ ~  or a c01lsto1it vat? 
roil be ~riodc //sir/:< tlic ~ ~ ~ I . I I I I / ~  A T  = Rv2/4D, ivlierc 
D = T/rerriicl/ d i / ~ i / s i v i t ) ~  (If flit coIIcvete, R = r’otc, of’ 
lira t ii Tlic tlicYI I io l d i f f i  isivit y I> vo r’ics s (qr I !/;in I I t& 
I I Jith t c ~  I i p ~ n  t i I IT (7 I ~d t )p~ +-()I I c r m .  
The heating of the concrete spccinicn should be per- 

fornied in a w a y  that a uniform tciiipcrature is ensured 
around the circuiiifcrencc of tlic test specimen in the 
cylindrical part. 

Maxiiiiuiii axial tcnipcraturc differences betwcen any 
of the three surface temperature readings sha l l  not 
exceed 1°C at 20°C, 5°C at  100°C and 20°C at  750°C. 
For inter media t e va 1 u e s , the maxi niuni axial t enipe r a t Li re 
differences permitted shall be calculated by liiiear iiiter- 
polation between the two adjacent points. 

Note: Coricrcte call spa11 cxplosively i i ~ h z  heated.  
Pvecaiitioris slioiild tlievcjove be taker1 to avoid d a n q y  or 
irquvy. 

6.4.3 Moisture condition 
The initial moisture content just before testing shall 

be determined using reference specimens cured and 
stored under the same condition5 as the test specimens. 
Tlic cvaporable nioiuture content iu determined by dry- 
ing a t  105°C until conctant weight ic achieved (whcii 
nioicture loss doec not exceed 0.1%) of the spcciiiiens 
w igh t  over a period of 24 & 2 houru), and by meacuring 
the maximum weight logs. 

Drying upccinicnc shall be heated in a heating device 
where tlie moisture can freely escape from the specinien 
and the heating device. 

Non-drying cpeciiiiens shall  be heated and tccted 
with a total moisture locc during the test le5s tliaii 0.5%) 
by weight of a similar cpecinicn dried at  105°C. 

Nofc: 111 h e  tes t  t o r j p v c 7 r l l v L ~  ran‘qe j o t t j  20°C to 
150°C tlzc detcvriz/rintiori (lf’rrzoistrivc‘ IOM &v the t a t  is 
Imuumizded  iri tlio case o j  tlryiri‘q coizcvete spccinicirs. 
Tliis is becaiise ditviriy the liold tiiize o f  1 hour the cvap- 
ovablc rizoistiivc is i i i~likely to escape totally j o r n  the spec- 
iiiiens, LC., specimcm with a boirtzdary rnoisture coridi- 
tiori “d” may compvise d@erent absolute moisture valircs 
iii this ternpcvatl4rc raige. A t  I z $ w  tcnipcraturcs it C ~ I I  

be assirriled that 95% of the moistwe loss occurs dijviil:? 

licatin‘q at the Iiold time oforie h/~. 
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6.4.4 Number of tests 
A niininiuni of 3 specimens shall be tcstcd for each 

conibination of test parameters. For each batch a mini- 
~ i i ~ i i i i  o f2  spccinicns shall be tested. The total Iiunibcr of 
specimens tested shall be at least 3 for one batch and nt 
least 4 for lllorc than OllC batch. 

7. TEST APPARATUS 

The tcst apparatus iiormally comprises a heating 
device, a loading device aiid instrunicnts for ~~icasuriiig 
tciiiycrature and load. 

The tcst apparatus used must be capable of f~ilfilling 
the rccoiiiniciidatioiis given in section 6 for the tcst 
paranietcrs and lcvcls of precision. 

8. EVALUATION AND REPORTING OF 
RESULTS 

8.1 Evaluation of strength results 

The tensile strength of coiicretc for cdch coinbination 
of paraiiicters is the eiiiiplc average of all valid results 
obtained horn the speciinciis tested for this combination. 

8.2 Test report 

8.2.7 General 
The test report shall indicate that the tensile strength 

is obtained by a direct tension test. 
The method of evaluating the tensile strength of the 

specinieii shall be described including any deviation 
from the standard. The valid results for each specimen 
tested shall be reported together with the mean tensile 
strength as follows: 

tensile strength: f7,d or f;Jd 

residual tensile strength ft,ieS T d  or ft<;,, Tnd  

The report shall include the i teiiis highlighted by 
underlining below. The other itenis listed below should 
be reported when available. 

8.2.2 Mix proportion 
Cement content, water/cenieiit ratio, aggregate con- 

tent by volume of concrete, aggregate (Trading, maxi- 
mum aggregate size, aggrcgatc/cement ratio, niineralogi- h 

cal type of aggrcptc, cciiicnt type and so~ii-cc, cciiicnt 
re p 1 ac c 11 1 c 11 t s , add i ti vc s . 

8.2.3 fresh concrete data 
Air content, bulk density, slump (or cq~~ivalciit). 

8.2.4 Hardened concrete and specimen data 
Standard cube stren& or cvlindcr strciicth, rcfcrciicc 

coni p res sivc s t re ngt 11 , re fc IC 11 c c t c 11 si IC s t re n c t 11, c Li r i i i  q 
regime, diameter a11d lcnqth of spcciiiicn, ~vcight bcforc 
aiid after testing (excluding the weight of items such a s  
tlici-mocouplcs), niethod of scaliiiq ifapplicable, ace at tcst- 
ins, initial moisture content of rckrcncc spcciiiicii. 

8.2.5 Apparatus 
The apparatus uccd s l i ~ l l  be dcccribed unless it is i n  

accordaiicc with a published standard, in \vhich case tlic 
s t a i i  d a d  s hou 1 d b c rc fe re iic e d . 

8.2.6 Tesf parameters 
- Time bctwccn rcmov,d of cpcciiiiciis fi-om the curiiig 

ciiviroiiiiieiit and initiation of heatinc. 
The following should be reported ac functions of 

t 1111 c d u ring hea ti 11 g/c o o 1 I iig: i n  d ivi du a 1 t ciiipe ra t u rc 
iiic a c ~i re i i i  e 11 t 5,  111 c ‘1 n su r fi cc t c i i i  p c ra tu re , ra t c of 11 e A t - 
ing and cooliiiq. 

Any deviation fi-om the reconiiiicndcd tect paranic- 
terc (c.g. heating rate, cooling rate) shall dleo be reported 
ceparately as “Non-ctaiidard”. 

8.2.7 Place, date, operator 
Country, city aiid institution where the experiineiit 

was carried out. The dates of the experiiiieiit and report. 
Name of the operator. 
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